Erythrocyte anion transport of phosphate analogs.
The phosphate analogs are a series of chemically related small anions based upon tetrahedrally bonded phosphorus. Each compound is a mono- or disubstituted phosphorus oxyacid. These chemical substitutions lead to differences in the number and acidity of titratable protons, differences in molecular structures and charge distributions, and unique 31P, 19F, or 1H nuclear magnetic resonance spectra for each analog. These compounds include phosphate, phosphite, hypophosphite, fluorophosphate, thiophosphate, methylphosphonate, and dimethylphosphinate. NMR spectra were obtained from human erythrocytes suspended in buffers containing phosphate analogs. Intracellular and extracellular 31P and 19F chemical shifts of these anions were found to be nonequivalent, due to magnetic susceptibility differences between the two compartments, as well as to the transmembrane pH gradient. NMR spectroscopy was used to measure erythrocyte influx rates of the phosphate analogs, as well as the intracellular and extracellular pH changes that accompany influx, in red cell suspensions incubated for selected time intervals. Anion influx rates were found to vary over three orders of magnitude among the phosphate analogs. All analogs showed concentration-dependent influx rate saturation. The major determinant of influx rates was neither the molecular weight of the analog nor the net charge on the anion, but rather the structure of the anion. Phosphite (HPO2-3), the anion most closely resembling bicarbonate (a natural substrate for anion exchange) was found to have the highest influx rate.